Structure-activity relationships in the oxidation of para-substituted benzylamine analogues by recombinant human liver monoamine oxidase A.
Monoamine oxidase A (MAO A) plays a central role in the oxidation of amine neurotransmitters. To investigate the structure and mechanism of this enzyme, recombinant human liver MAO A was expressed and purified from Saccharomyces cerevisiae. Anaerobic titrations of the enzyme require only 1 mol of substrate per mole of enzyme-bound flavin for complete reduction. This demonstrates that only one redox-active group (i.e., the covalent FAD cofactor) is involved in catalysis. The reaction rates and binding affinities of 17 para-substituted benzylamine analogues with purified MAO A were determined by steady state and stopped flow kinetic experiments. For each substrate analogue that was tested, the rates of steady state turnover (k(cat)) and anaerobic flavin reduction (k(red)) are similar in value. Deuterium kinetic isotope effects on k(cat), k(red), k(cat)/K(m), and k(red)/K(s) with alpha, alpha-[(2)H]benzylamines are similar for each substrate analogue that was tested and range in value from 6 to 13, indicating that alpha-C-H bond cleavage is rate-limiting in catalysis. Substrate analogue dissociation constants determined from reductive half-reaction experiments as well as from steady state kinetic isotope effect data [Klinman, J. P., and Matthews, R. G. (1985) J. Am. Chem. Soc. 107, 1058-1060] are in excellent agreement. Quantitative structure-activity relationship (QSAR) analysis of dissociation constants shows that the binding of para-substituted benzylamine analogues to MAO A is best correlated with the van der Waals volume of the substituent, with larger substituents binding most tightly. The rate of para-substituted benzylamine analogue oxidation and/or substrate analogue-dependent flavin reduction is best correlated with substituent electronic effects (sigma). Separation of the electronic substituent parameter (sigma) into field-inductive and resonance effects provides a more comprehensive treatment of the electronic correlations. The positive correlation of rate with sigma (rho approximately 2.0) suggests negative charge development at the benzyl carbon position occurs and supports proton abstraction as the mode of alpha-C-H bond cleavage. These results are discussed in terms of several mechanisms proposed for MAO catalysis and with previous structure-activity studies published with bovine liver MAO B [Walker, M. C., and Edmondson, D. E. (1994) Biochemistry 33, 7088-7098].